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METHOD AND CONFIGURATION FOR
PROCESSING AT LEAST ONE ANALOG
SIGNAL CONTAINING A NUMBER OF
FREQUENCY RANGES

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation of copending International Appli-
cation PCT/DE99/00911, filed Mar. 25, 1999, which desig-

nated the United States.
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The invention relates to a method and a configuration for
processing at least one analog signal containing a number of
frequency ranges.

In particular, the invention relates to a method and a
conflguration for processing output quantities of an optical
transducer.

An optical transducer for acquiring an electrical quantity
to be measured 1s known. This applies especially to the
optical measurement of an electric current by utilizing the
Faraday effect and also to the optical measurement of an
clectric voltage by utilizing the Pockels effect. A polarized
light signal, the polarization of which changes under the
influence of the electrical quanfity to be measured, is
launched into a sensor element (for example Faraday ele-
ment or Pockels element) which is under the influence of the
clectrical quantity to be measured. The change 1n polariza-
fion 1s thus a measure of the quanfity to be measured.
Furthermore, an embodiment 1s known in which two polar-
1zed light signals having opposite directions of travel are
launched into the sensor element. To analyze the change 1n
polarization, each light signal is supplied to a (polarization)
analyzer after passing at least once through the sensor
clement. The analyzer can divide the associated light signal
cither into two linearly polarized partial light signals having
different planes of polarization which are generally perpen-
dicular to one another (two-channel analysis) or pass only
one light component projected onto a predetermined direc-
tion of polarization (single-channel analysis). From the light
intensities of the two partial light signals or of the light
component, corresponding electrical signals are generated,
for example with the aid of photodiodes, from which a
polarization signal 1s derived. The polarization signal 1s a
measure of the change 1n polarization of the light signal in
the sensor element under the influence of the alternating
clectrical quantity to be measured.

International Patent disclosure WO 95/10046 and German
Patent DE 196 01 727 C1 disclose in the example of a
magneto-optical current transducer how the polarization
signal described can be calculated from two partial light
signals LT1 and LI2 or, respectively, from the electrical
(intensity) signals I1 and I2 determined from these. The
polarization signal P 1s formed as quotient from a difference
and the sum of the two electrical signals I1 and 12 as follows:

o (11 = 12)
I+ 12

(1)

Neglecting interference, the polarization signal P 1s equal
to:

P=sin (2p)=sin (2:N-V-I) (2)
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where p 1s the so-called Faraday angle of rotation. The
Faraday angle of rotation p then corresponds to the angle
through which the polarization of the light signal 1s rotated
in the Faraday element due to the electrical current I to be
detected. According to the relation:

p=2-N-V-I (3)

it 1s essentially directly proportional to the amplitude of the
current [ to be measured. In addition, in equation (3) N is the
number of rotations of the light signal around a current
conductor through which the current I to be measured tlows,
and V 1s the so-called Verdet constant V. The Verdet constant
V 1s a parameter of the Faraday element which 1s generally
dependent on the material and the temperature.

A limiting factor of the optical transducer described 1s the
periodicity of the polarization dependent on the quantity to
be measured. In the case of the Faraday effect, for example,
the state of polarization is repeated after a 180° rotation of
the linear input polarization. This initially results 1in a limited
single-valued measuring range for the alternating electrical
quantity to be detected.

If the sensitivity of the sensor 1s reduced in order to be
able to map the largest possible signal amplitudes of the
alternating electrical quantity within the limited measuring
range, this 1s at the cost of smaller signal amplitudes which
can then no longer be extracted from the noise. Conversely,
an 1ncrease 1n sensitivity to achieve better acquisition of
relatively small signal amplitudes has a negative effect on
the maximum signal amplitude that can be mapped within
the limited measuring range.

In the field of public electricity supply, a potential field of
application of optical test methods inter alia due to the
inherent high electromagnetic compatibility, it must be pos-
sible to cover a wide dynamic range of the alternating
clectrical quantity to be detected, especially of the electrical
current. The demand for maximum measurement accuracy
at low current amplitude 1s a prerequisite from the metering
for mnvoicing. On the other hand, 1t must also be possible to
reliably detect a very high current amplitude for the purpose
of short-circuit current detection.

To meet the above requirements, a method has been
developed which has a measuring range that 1s mainly
extended upward. Published, European Patent Application
EP 0 613 015 Al discloses an electro-optical voltage
transducer, the measuring range of which extends beyond
the single-valued range of the first period. In this configu-
ration two opftical light signals are analyzed which are sent
through a Pockels element with a predetermined offset
phase. A signal reconstruction of the electrical voltage to be
measured 1s done via a special counting method that evalu-
ates the zero crossings of polarization signals derived from
the two light signals. In principle, therefore, the measuring
range of this electro-optical voltage transducer 1s no longer
limited at the top.

Furthermore, a magneto-optical current transducer which
ogenerates two electrical signals which are 1n each case
multi-valued functions of the current to be measured and are
phase shifted by an angle of 90° with respect to one another
1s known from European Patent EP 0 208 593 Bl. By
comparing the signs and the absolute values, a single-valued
measurement signal 1s assembled from these two multi-
valued signals. In principal, therefore, the measuring range
of this magneto-optical current transducer 1s also no longer
limited at the top.

German Patent DE 196 01 727 C1 discloses a magneto-
optical current transducer having an extended measuring
range, which supplies a polarization signal which 1s similar
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to the function tan (p) of the Faraday angle of rotation p. In
this case, the polarization signal calculated 1n the analyzing
unit 1s only analyzed within the range of single-valueness of
the tan (p) function. Compared with the usual embodiment
which only supplies a polarization signal proportional to sin
(2p) according to the above equation (2), this provides a
measuring range which 1s virtually twice as large.

After passing through the sensor element, electrical sig-
nals are generated from the partial light signals via photo-
electrical transducer units. In deriving the polarization signal
from the electrical signals, the configurations disclosed in
German Patent DE 196 01 727 C1 and in International
Patent Disclosure WO 95/10046 1mitially use analog circuit
technology. However, there are also indications that the
analysis can be carried out digitally in a corresponding
manner. A digital analysis of an optical current transducer 1s
also disclosed 1n the report titled “Vergleichende Darstellung
verschiedener magneto-optischer Stromwandlerkonzepte™
(Comparative Representation of Various Magneto-Optical
Current Transducer Concepts) by T. Bosselmann, 113 PTB

Seminar “Unkonventionelle Mefwandler fur Hochspan-
nungsnetze” (Unconventional Measurement Transducers for
High-Voltage Systems), Braunschweig, Nov. 15-16, 1993.
In this report, the electrical signals at the output of the
photo-electric transducer units are 1nitially digitized via
analog/digital (A/D) converters and are then processed fur-
ther 1n a digital calculating unit which can contain, for
example, a digital signal processor. This digital form of
signal processing 1s very usetul especially if 1t 1s intended to
climinate disturbances such as, for example, temperature
influences, or the characteristic, which 1s sinusoidal accord-
ing to equation (2), 1s to be linearized. At present, optical
transducers predominantly use digital analysis for exactly
this reason.

The quantization of the electrical signals 1n A/D convert-
ers mandatorily generates an additional noise component,
the so-called quantization noise. This additional noise com-
ponent 1s disturbing especially if very small signal ampli-
tudes of the alternating electrical quantity are to be measured
and, associated with this, also very small changes 1n polar-
1zation are to be detected. This quantization noise thus limits
the analyzable dynamic range of the optical transducer.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide a
method and a configuration for processing at least one
analog signal containing a number of frequency ranges,
which overcomes the above-mentioned disadvantages of the
prior art devices of this general type, which have a quanti-
zation noise which 1s reduced 1n comparison with the prior
art, and an extended dynamic range. In particular, it 1s also
intended to achieve an improvement 1n the signal-to-noise
ratio.

With the foregoing and other objects 1n view there is
provided, in accordance with the invention, a method for
processing a signal having a number of frequency ranges.
The method includes deriving at least one analog signal
which 1s a successor signal derived from electrical signals,
including a first electrical signal and a second electrical
signal, of an optical transducer for an alternating electrical
quantity. The successor signal 1s divided mnto a DC compo-
nent and a residual component. An amplified residual com-
ponent 1s generated from the residual component by analog,
amplification by an analog gain factor. Digital electrical
signals and an amplified digital residual component are
cgenerated from the electrical signals and the amplified
residual component. A digital polarization signal, which
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depends on the alternating electrical quantity to be
measured, 1s generated from the digital electrical signals, the
amplified digital residual component, a digital DC compo-
nent corresponding to the DC component, and a digital gain
factor corresponding to the analog gain factor.

The method according to the invention for processing at
least one analog signal containing a number of frequency

ranges 15 a method 1n which:

a) the analog signal is divided into a number of partial
analog signals having 1n each case a different frequency
range;

b) from at least one of the partial analog signals, an
amplified partial signal corresponding to the one partial

analog signal 1s generated by analog amplification by
an analog scaling factor;

c) a partial digital signal is generated from the amplified
partial signal by digitization; and
d) the analog scaling factor is adapted to the dynamic
range during the digitization.
The configuration according to the invention for process-
ing at least one analog signal containing a number of
frequency ranges 1s a coniiguration formed of:

a) a device for dividing the analog signal into a number of
partial analog signals having in each case a different
frequency range;

b) at least one analog amplifier having an analog scaling
factor for generating an amplified partial signal from
one of the partial analog signals;

¢) a digitizing device for generating a partial digital signal
from the amplified partial signal; and

d) the analog scaling factor 1s adapted to a dynamic range
of the digitizing device.

In this context, the invention 1s based on the finding that
the quantization noise of the digitizing device for generating
digital signals, especially that of an A/D converter, 1s addi-
fively superimposed on a useful signal. The quantization
noise 1s only dependent on the selected A/D converter but
not on the signal to be digitized. The quantization noise thus
limits the detectability of small signal amplitudes as back-
cround noise. The quantization noise thus also limits the
dynamic range overall.

An analog signal 1s frequently composed of a number of
frequency ranges that contain different signal levels. Divid-
ing the analog signal into the partial signals 1n accordance
with these frequency ranges provides the possibility of
amplifying each partial signal in accordance with 1ts partial-
signal level and thus of adapting it to the dynamic range of
the subsequent A/D converter. As a result, the useful-signal
components 1n the partial signals are amplified 1n each case,
whereas the quantization noise, which 1s only dependent on
the A/D converters, remains constant. Thus, the relative
noise contribution of the quantization noise falls, resulting in
an 1improved total signal-to-noise ratio.

It 1s not always necessary to amplify all partial signals.
This 1s not necessary, in particular, 1f the corresponding
partial-signal levels already drive the subsequent A/D con-
verters to a high degree. In practice, additional amplification
will not bring any further advantages. On the other hand, 1t
1s also possible that at least one of the partial signals 1s not
amplified but attenuated. This can be provided, for example,
for a partial signal having a low information content but a
very high partial-signal level. The analog scaling factor can
thus assume values of greater than, equal to or less than one.

In an advantageous embodiment of the method and of the
conflguration, all partial signals are 1n each case amplified
for adapting them to the dynamic ranges of the respective
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subsequent digitizing devices (i.e. A/D converters). In this
case, all partial signals 1n each case have partial-signal levels
that do not optimally drive the digitizing devices. In this
case, the respective amplification of all partial signals pro-
vides the above-mentioned advantages.

In a further advantageous embodiment of the method, the
analog signal 1s digitally reconstructed. For this purpose, a
digital signal that corresponds to the analog signal 1s formed
from the partial digital signals present at the output of the
digitizing device. For this purpose, digital inverse operations
corresponding to the division of the analog signal into the
partial signals and the subsequent amplification of the partial
signals are performed. Each partial digital signal 1s thus
digitally divided by a digital scaling factor corresponding to
the analog scaling factor. A subsequent digital summation
then results in the digital signal. The digital signal thus
produced has a better signal-to-noise ratio than an analog
signal that 1s directly digitized.

In another advantageous embodiment of the method, the
partial digital signals are subjected to additional digital
filtering 1n order to correct the errors 1n the phase and/or
amplitude response which were produced during the analog
division. As a result, the accuracy of the digital signal can be
further improved.

In an advantageous embodiment, a digital calculating unit
1s provided 1n which the method steps described above are
advantageously performed.

An embodiment 1s preferred 1n which the measures
described above are used for processing output quantities of
an optical transducer. The optical transducer 1s configured
for detecting an electrical quanftity to be measured, for
example an electrical voltage or an electrical current. In this
embodiment, the analog signal then corresponds to a suc-
cessor signal that 1s dertved from the output quantities of the
optical transducer. In this connection, output quantity of the
optical transducer 1s understood to be an electrical signal of
a photo-electrical conversion. The successor signal 1s
formed from at least one of these electrical signals.

A frequency spectrum of the electrical quantity to be
measured that 1s to be detected generally extends from 0 Hz
to some 10 kHz. In connection with the public electricity
supply, a quantity to be measured which has a relevant DC
component occurs 1n particular in high-voltage direct-
current transmission. In other cases, the dominant frequency
component 1s the usual 50 Hz or 60 Hz system frequency.
Higher-frequency components in the quanfity to be mea-
sured originate from harmonics of the system frequency or
from transients. These frequency components of the quantity
to be measured normally have quite different signal levels.
Since these different signal levels are also found in the
successor signal, it can be advantageously divided and
processed further in accordance with the procedure
described.

An advantageous embodiment of the method and of the
confliguration relates to the processing of output quantities of
an optical transducer for an alternating electrical quantity. In
this connection, an alternating electrical quantity 1s under-
stood to mean that the associated spectrum only has fre-
quency components that differ from zero. At least one
successor signal formed from two electrical signals 1s
divided into a DC component and a residual component, of
which only the residual component 1s amplified in an analog,
manner by a gain factor. The two electrical signals and the
amplified residual component are digitized and used for
digitally determining a polarization signal that depends on
the alternating quantity to be measured. Further input quan-
fities used are a digital DC component and a digital gain
factor that correspond to their respective analog counterpart.
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It 1s especially 1 the case of small signal amplitudes of
the alternating quantity to be measured that the electrical
signals are 1 each case composed of the larger DC
component, corresponding to a (DC) light signal which is
sent through a sensor element of the optical transducer, and
of a smaller second part which 1s here called residual
component and which carries the imnformation on the alter-
nating electrical quantity to be measured. The residual
component thus contains the useful signal of the optical
transducer.

Separating the DC component, which does not carry any
information in this case, before digitization provides the
margin for an upstream analog amplification of the remain-
ing residual component (useful signal). The amplification of
the residual component can then be adapted to the present
situation, 1.€. the dynamic range, of the A/D converter. Since
the DC component 1s much larger than the residual compo-
nent especilally 1in the case of small signal amplitudes,
amplification of the electrical signal 1n 1ts original form
would very rapidly lead to the A/D converter being over-
driven.

Taking into consideration the amplified digital residual
component with 1ts 1mproved signal-to-noise ratio when
calculating the digital polarization signal, a signal-to-noise
ratio 1s obtained which 1s also improved overall. In com-
parison with digitization without upstream amplification, the
cgain of the signal-to-noise ratio 1s up to 6 dB multiplied by
the binary logarithm of the analog gain factor used. This also
results 1n the desired extension of the dynamic range.

Since the original electrical signals are also digitized at
the same time as the amplified residual component, and are
supplied to the digital calculating unit, the possibilities for
acquiring large signal amplitudes, 1n particular, remain to
their full extent in accordance with the prior art.

The embodiments of the method and the configuration
quoted 1n the text that follows all relate to the last-mentioned
embodiment of the method and of the configuration for
processing the output quantities of the optical transducer for
the alternating electrical quantity. A total of three preferred
embodiments of the method relate to the dividing of the
successor signal formed from the electrical signals.

In a first embodiment, the successor signal 1s subjected
both to low-pass and high-pass filtering. The low-pass
filtering supplies the DC component and the high-pass
filtering supplies the residual component. The high-pass
filtering 1s advantageously configured to be complementary
to the low-pass filtering so that the sum of DC component
and residual component provides exactly the successor
signal. Thus, no frequency components of the successor
signal are lost due to the two filtering operations.

In a second advantageous embodiment of the method, the
DC component 1s also determined by low-pass filtering. The
residual component, however, 1s now not determined via
high-pass filtering but by forming the difference between the
successor signal and the DC component. This saves the
high-pass filtering 1n comparison with the aforementioned
embodiment.

A third advantageous embodiment for dividing the suc-
cessor signal manages without explicit filtering. Instead, the
DC component 1s reproduced by an offset value to be
predetermined. The residual component 1s determined by
forming the difference between the successor signal and the
DC component analogously to the second embodiment
described above.

This procedure 1s possible since a light intensity of the
light signal radiated into the sensor element 1s known and
can even be set via a light source. In consequence, the value
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of the DC component, which 1s decisively determined by the
light mtensity, in the successor signal 1s known at least
approximately. If the offset value to be predetermined 1s then
set 1n accordance with this known value, a very good replica
of the actual DC component 1s obtained. The deviation from
the actual DC component 1n this method can stay within
tolerable limits which are given by a positive and a negative
quotient from the DC component and the analog gain factor
|£(DC component/analog gain factor)]| without the results
being decisively impaired.

The predetermination of the offset value which may
slightly deviate from the actual DC component under certain
circumstances results 1 a residual component that still has
a small DC component after the difference has been formed
with the successor signal. If, however, the deviations are
within the tolerable error limits, the amplification of the
residual component, which 1s decisive for improving the
signal-to-noise ratio, can still be advantageously carried out
before the downstream digitization.

The subject-matter of three further preferred embodi-
ments of the method 1s the forming of at least one successor
signal and the determination of the digital polarization signal
which depends thereon.

In a relevant first preferred embodiment, only a single
successor signal 1s dertved. This corresponds to a successor
signal to one of the two electrical signals. The successor
signal 1s divided into the DC component and the residual
component 1n accordance with the embodiments described
above, and the residual component 1s amplified. This 1s
followed by digitization of the two electrical signals, of the
amplified residual component and, depending on the
embodiment used, the dividing of also the DC component.
The digital polarization signal 1s then determined from these
digital signals and the digital gain factor.

The digital gain factor can be present as a fixed digital
value that corresponds to the preset analog gain factor. As an
alternative, 1t 1s possible to select the digital gain factor 1n
accordance with the mstantaneous signal amplitude and to
set the analog gain factor in accordance with the selected
digital gain factor.

In a second preferred embodiment, two successor signals
are used, each of the two electrical signals corresponding to
one successor signal and being divided, amplified and digi-
tized as described above. The digital polarization signal 1s
determined with the aid of the digital amplified residual
components, the digital DC components, the electrical sig-
nals and the digital gain factors.

In a third advantageous embodiment, the successor signal
1s generated from the two electrical signals by forming a
difference signal.

Assuming 1deal conditions, a difference between the two
electrical signals would only contain a component that is
dependent on the quantity to be measured right from the
start, that 1s to say the residual component. In general,
however, the difference signal will have a DC component
that can be split off by the method steps described above due
to the disturbances occurring in reality such as temperature
influences or asymmetries.

Amplification 1s only performed for the residual compo-
nent carrying the measurement information. The digital
polarization signal 1s determined by the digital electrical
signals, the digital amplified residual component of the
difference signal, the digital DC component of the difference
signal and the digital gain factor.

A total of three preferred embodiments of the configura-
tion relate to the device for dividing the successor signal
formed from the electrical signals. What has been mentioned
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in connection with the corresponding embodiments of the
method, especially with respect to the advantages, analo-
ogously also applies to the relevant three embodiments of the
conflguration.

In the first one of the three embodiments, 1n each case one
low-pass filter and one high-pass filter are provided for
dividing the successor signal into the DC component and the
residual component. The DC component 1s present at an
output of the low-pass filter and the residual component is
present at an output of the high-pass filter. It 1s advantageous
if the high-pass filters are configured to be directly comple-
mentary to the low-pass filter.

In the second embodiment, a low-pass filter for forming,
the DC component 1s also provided. The successor signal 1s
present at a positive input of a summing element and the DC
component 1s present at a negative input of the summing
clement so that the summing element forms the residual
component as the difference between the successor signal
and the DC component.

In the third embodiment, an adjustable offset source 1s
provided. In this embodiment, an output signal of the offset
source represents the DC component of the successor signal.
Analogously to the second embodiment described, a sum-
ming element supplies the residual component as the dif-
ference between the successor signal and the DC component
which, 1n this case, 1s formed by the output signal of the
oifset source.

An advantage of the last-mentioned embodiment consists
in saving the A/D converter for determining the digital DC
component. Since the output signal of the offset source 1s
known and predetermined, it can be stored directly as digital
DC component 1n the digital calculating unit.

The subject matter of a further advantageous embodiment
of the configuration 1s the formation of the successor signal.
A summing element 1s provided, at a positive input of which
one of the two electrical signals and at a negative mput of
which the other one of the two electrical signals are present.
The summing element supplies the successor signal as a
difference signal from the two electrical signals. The 1nflu-
ence of the DC component of the difference signal, which 1s
determined by disturbances, can thus be minimized due to
being split off before the analog amplifier. At the analog
amplifier, only the residual component 1s present which
carries the measurement information. The DC component,
which contains disturbing quantities, 1s not amplified.

In a preferred variant of the configuration, the digitizing
device for generating digital electrical signals, a digital DC
component and a digital amplified residual component are in
cach case constructed as A/D converters.

In an advantageous modification of this variant, the A/D
converter for digitizing the DC component can be omitted.
The digital DC component needed for calculating the digital
polarization signal in the digital calculating unit can already
be present 1n stored form 1n the digital calculating unit. To
this end, reference 1s made to the discussion on dividing the
successor signal mnto the DC component and the residual
component by an offset source.

On the other hand, however, 1t 1s also possible to deter-
mine the digital DC component in the digital calculating unit
by digital filtering of the digital electrical signals. The digital
clectrical signals are 1n any case available to the digital
calculating unit. The digital filtering 1n the digital calculating
unit then reproduces exactly the characteristic of the low-
pass filter used for the dividing into DC component and
residual component.

The digital calculating unit advantageously contains a
digital signal processor (DSP), a microcontroller, a micro-
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processor or an application specific integrated circuit (ASIC)
as the arithmetic unmit. The arithmetic units are particularly
suitable for the calculations to be performed 1n real time
such as the digital filtering, the compensation of temperature
influences or the linearization of characteristics, due to their
high processing speed and high arithmetic accuracy.

In another preferred embodiment of the configuration, the
optical transducer for the alternating electrical quantity is
equipped with a two-channel analysis which contains a
series circuit of the sensor element, a beam-dividing
analyzer, preferably in the form of a Wollaston prism or a
polarizing beam divider, and the two photo-electric trans-
ducer units. In the analyzer, a light signal that has first passed
through the sensor element 1s divided into two partial light
signals having mutually perpendicular planes of polariza-
tion. The photo-electric transducer units convert the two
partial light signals mto the two electrical signals. The
photo-electric transducer units are preferably built up in
cach case of a photodiode and a downstream transimpedance
amplifier. The electrical signals are preferably proportional
to the light mtensities of the two partial light signals.

A preferred variant of the embodiment with two-channel
analysis as described provides the sensor element as a
magnetic-field-sensitive Faraday element or as a Pockels
clement that 1s sensitive to an electric field.

The magnetic-field-sensitive Faraday element can be
present 1n the form of a glass ring or a fiber coil through
which an electrical conductor passes through and which
conducts a current flows. An alternating current flowing 1n
the electric conductor then represents the alternating quan-
ity to be detected. The Faraday element i1s sensitive to a
magnetic field generated by current.

The Pockels element can be present in the form of an
clectro-optical monocrystal that alters the polarization of the
light signal when it passes through. The change 1s dependent
on an electric field 1n which the electro-optical monocrystal
1s located. However, the electric field in the electro-optical
monocrystal can also be generated via an alternating elec-
trical voltage that i1s present at electrical feed lines at the
clectro-optical monocrystal. This alternating electrical volt-
age then represents the alternating quantity to be detected.

In a further preferred embodiment of the configuration,
the optical transducer for the alternating electrical quantity
1s equipped with injection of a first and a second light signal
1in opposite directions. For this purpose, devices are provided
which 1nject the two light signals with 1n each case an
opposite direction of travel into a Faraday element which 1s
sensitive to magnetic fields and, after they have passed
through the Faraday element, to supply them 1n each case to
one of the two photo-electric transducer units. These devices
are preferably constructed as couplers, especially as fiber
couplers.

In accordance with an added feature of the invention, the
successor signal 1s only one successor signal corresponding
to one of the electrical signals and the digital polarization
signal 1s determined 1n accordance with:

I2r
+ 12d’
A2

I +1i2

P=1-2x

where
P' 1s the digital polarization signal,
12rv' 1s the amplified digital residual component,
A2' 1s the digital gain factor,
12d’ 1s the digital DC component, and
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I1', I2' are the digital electrical signals.

In accordance with an additional feature of the invention,
there 1s the step of providing two successor signals corre-
sponding in each case to one of the two electrical signals,
and the digital polarization signal i1s determined 1n accor-
dance with:

(Urw"
Al

Hd"] (IZW"
" | Az

i+ 12

+ IZd’]
P =

where
P' 1s the digital polarization signal,
I17v', I12rv" are the amplified digital residual components,
Al', A2' are the digital gain factors,
[1d’, 12d’ 1s the digital DC component, and

I1', 12" are the digital electrical signals.

In accordance with another feature of the invention, there
1s the step of dertving a difference signal being the difference
between the first electrical signal and the second electrical
signal and 1s formed as the successor signal. The digital
polarization signal i1s determined 1n accordance with:

112r 1o
Al T

I+ 12

P =

where
P' 1s the digital polarization signal,
[127v" 1s the amplified digital residual component of the
difference signal,
Al2' 1s the digital gain factor of the difference signal,
112d" 1s the digital DC component of the difference signal,

and

I1', 12" are the digital electrical signals.

In accordance with a further feature of the invention, there
1s the step of generating the digital DC component from the
DC component.

In accordance with another added feature of the invention,
there 1s the step of generating the digital DC component
from the DC component using analog/digital conversion.

In accordance with another additional feature of the
invention, there i1s the step of determining the digital DC
component from the digital electrical signals by one of
digital filtering and a stored fixed digital value.

In accordance with a further added feature of the
invention, there 1s the step of generating the first electrical
signal and the second electrical signal 1n each case from {first
and second partial light signals. The first and second partial
light signals are formed from a photo-electric conversion of
a light signal, the light signal passes through a sensor
clement and 1s then divided 1nto the first and second partial
light signals which are polarized perpendicularly to one
another.

In accordance with a further additional feature of the
invention, there 1s the step of selecting the sensor element
from the group consisting of Faraday elements sensitive to
magnetic fields and Pockels elements sensitive to an electric
field.

In accordance with yet another feature of the invention,
there 1s the step of generating the first electrical signal and
the second electrical signal 1n each case from first and
second light signals by photo-electric conversion. The first
and second light signals are sent 1n opposite directions
through a sensor unit having a Faraday element which 1is
sensitive to magnetic fields.
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With the foregoing and other objects in view there 1s
further provided, 1n accordance with the invention, a con-
figuration for processing a signal having a number of
frequency ranges. The configuration includes a divider cir-
cuit receiving and dividing at least one successor signal 1nto
a DC component and a residual component. The successor
signal 1s derived from two electrical signals of an optical
fransducer for an alternating electrical quanftity and the
successor signal corresponds to an analog signal. An analog
amplifier 1s disposed downstream of the divider circuit and
receives the residual component. The analog amplifier has
an analog gain factor and generates an amplified residual
component from the residual component. Digitizing devices
receiving the amplified residual component and the two
clectrical signals are provided. The digitizing devices gen-
erate digital electrical signals and a digital amplified residual
component from the two electrical signals and the amplified
residual component, respectively. A digital calculating unit
for determining a digital polarization signal 1s connected to
the digitizing devices. The digital polarization signal is
dependent on the alternating electrical quantity to be mea-
sured. The digital polarization signal i1s derived from the
digital electrical signals, the digital amplified residual
component, a digital DC component corresponding to the
DC component, and a digital gain factor corresponding to
the analog gain factor.

In accordance with an added feature of the invention, a
summing element 1s provided for forming the successor
signal being a difference between the two electrical signals.
The summing element 1s connected to the divider circuit and
to the digitizing devices.

In accordance with an additional feature of the invention,
a further digitizing device 1s connected to the divider circuit
and receives the DC component. The further digitizing
device generates the digital DC component from the DC
component.

In accordance with another feature of the invention, a
sensor element outputting a light signal 1s provided. An
analyzer 1s connected to the sensor element and divides the
light signal 1nto two partial light signals with mutually
perpendicular polarization. Two photo-electric transducer
units are disposed downstream of the sensor element and the
analyzer. Each of the two photo-electric transducer units
generate one of the two electrical signals from one of the two
partial light signals.

In accordance with a further feature of the invention, the
sensor clement 1s selected from the group consisting of
Faraday elements sensitive to magnetic fields and Pockels
clements sensitive to an electric field.

In accordance with a concomitant feature of the invention,
a sensor element containing a Faraday element sensitive to
magnetic fields 1s provided. A first photo-electric transducer
unit and a second photo-electric transducer unit are further
provided. A plurality of devices are also provided. One of the
devices 1s disposed between the sensor element and the first
photo-electric transducer unit and another of the devices 1s
disposed between the sensor element and the second photo-
clectric transducer unit. The devices 1nject oppositely
directed first and second light signals into the sensor element
and 1nto the first and second photo-electric transducer unit
for generating 1n each case one of the two electrical signals
from 1n each case one of the first and second light signals.

Other features which are considered as characteristic for
the 1nvention are set forth 1n the appended claims.

Although the invention 1s 1llustrated and described herein
as embodied 1n a method and a configuration for processing
at least one analog signal containing a number of frequency
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ranges, 1t 1s nevertheless not mntended to be limited to the
details shown, since various modifications and structural
changes may be made therein without departing from the
spirit of the mvention and within the scope and range of
cquivalents of the claims.

The construction and method of operation of the
invention, however, together with additional objects and
advantages thereof will be best understood from the follow-
ing description of specific embodiments when read 1n con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a configuration for process-
ing an analog signal according to the invention;

FIG. 2 1s a block diagram of an optical current transducer
with a processing circuit according to the prior art;

FIG. 3 1s a block diagram of configurations for processing,
two output quantities of the optical transducer according to
the mvention;

FIGS. 4 to 6 are block diagrams of digitizing units
containing devices for dividing a successor signal, for
amplifying a residual component and for digitization;

FIGS. 7 and 8 are block diagrams of further configura-
fions for processing two output quantities of the opftical
transducer;

FIG. 9 1s a block diagram of an optical current transducer
with two-channel analysis;

FIG. 10 1s a block diagram of an optical voltage trans-
ducer with two-channel analysis; and

FIG. 11 1s a block diagram of the optical current trans-
ducer with oppositely-directed light injection.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In all the figures of the drawing, sub-features and integral
parts that correspond to one another bear the same reference
symbol 1n each case. Referring now to the figures of the
drawing 1n detail and first, particularly, to FIG. 1 thereof,
there 1s shown a configuration for processing an analog
signal S. In the present case, the analog signal S represents
an output quantity of an optical transducer for an electrical
quantity to be measured. The output quantity of such an
optical transducer, which 1s used 1n the field of public energy
supply, covers a frequency range from 0 Hz to some 10 kHz.
In this context, individual frequency components are present
with signal levels that in each case deviate from one another
orcatly. Interesting components are especially a DC
component, a frequency component at the 50 Hz/60 Hz
system frequency and harmonics of this system frequency.
In addition, transient events have a frequency component
that 1s of interest up to some 10 kHz.

To obtain the best possible total signal-to-noise ratio, an
analog frequency filter 100 divides the analog signal S 1nto
three partial signals T1, T2 and T3 1n accordance with the
frequency ranges which are mainly of interest. The first
partial signal T1 corresponds to a DC component, the second
partial signal T2 corresponds to a system frequency com-
ponent and the third partial signal T3 corresponds to a
frequency component which contains higher frequencies
than the system frequency.

The three partial signals T1, T2 and T3 are amplified with
in each case associated analog scaling factors V1, V2 and V3
in analog amplifiers 111, 112 and 113. The analog scaling
factors V1, V2 and V3 are 1n each case dimensioned 1n such

a manner that at an output of the amplifiers 111, 112 and 113,
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in each case amplified partial signals T1v, T2y and T3v are
present which optimally drive downstream analog/digital
(A/D) converters 121, 122 and 123. The analog amplifica-
tion 1n each case matches the levels of the partial signals T1,
T2 and T3 to the dynamic ranges of the A/D converters 121,
122 and 123.

The A/D converters 121, 122 and 123 generate partial

digital signals T1v’, T2v" and T3v’ with an 1improved signal-
to-noise ratio since due to the upstream level adaptation in
the amplifiers 111, 112 and 113, useful signal components in
the partial signals T1, T2 and T3 are lifted and, at the same
fime, any quantization noise of the A/D converters 121, 122

and 123 remains constant.

The partial digital signals T1v’, T2v" and T3v' are fed mto
a digital calculating unit 26 1n which further digital process-
ing measures follow. For example, a digital replica of the
analog signal S can be generated 1n that the partial digital
signals T1v’, T2v' and T3v' are subjected to a digital division
which corresponds to an inverse operation of the analog
amplification. After summation of the signals then present,
the digital replica of the analog signal S 1s obtained. If
necessary, digital filtering can also be 1nterposed 1n order to
correct any phase and/or amplitude errors which have arisen
during the frequency division of the analog signal S 1nto the
partial signals T1, T2 and T3. In addition, the partial digital
signals T1v’, T2v" and T3v' are used 1n the digital calculating
unit 26 for determining a measurement signal for the elec-
trical quantity to be measured by the optical transducer.

To 1llustrate the differences, FIG. 2 shows an optical
current transducer that processes analog signals according to

the prior art.

The current transducer 1s subdivided 1nto a sensor unit 10
and a transceiver unit 20. The sensor unit 10 contains a
sensor element, 1n the present case a Faraday element 12,
which encloses an electrical conductor 16 through which an
electrical current I flows, and 1s located at a local distance
from the transceiver unit 20. In the case of applications in the
field of electricity supply, the sensor unit 10 1s additionally
at a high-voltage potential whereas the transceiver unit 20 1s
located at ground potential.

A light signal L 1s generated 1n a light source 21 of the
transceiver unit 20 and sent to the sensor unit 10. Before 1t
passes through the Faraday element 12, the light signal L 1s
linearly polarized 1n a polarizer 11. The polarizer 11 can be
at ground potential or at a high- Voltage potential. In the
conflguration shown, the polarizer 11 is associated with the
sensor unit 10. The light signal L. passes through the Faraday
clement 12 where 1ts polarization 1s changed 1n dependence
on the current I to be measured, and then passes back to the
transceiver unit 20.

In a polarizer 22 in the transceiver unit 20, 1t 1s split 1nto
two partial light signals L'T1 and LT2 (two-channel analysis)
which have mutually perpendicular planes of polarization.
The two partial light signals LT1 and L.'T2 are converted into
electrical signals I1 and I2 in photo-electric transducer units
23 and 24. The electrical signals I1 and 12 are proportional
to 1ntensities of the partial light signals L'I'1 and L12. They
correspond to the analog signal S of FIG. 1. The photo-
electric transducer units 23 and 24 1n each case contains a
photodiode and a downstream transimpedance amplifier.

For the purpose of processing, the electrical signals I1 and
12 are first digitized 1n each case 1n an A/D converter 251 and
252, respectively. The digital electrical signals I1' and 12
then present are mput quantities for the digital calculating
unit 26 1n which a digital polarization signal P' 1s deter-
mined. The digital polarization signal P' 1s a measure of a
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change of polarization, caused by the current I to be
measured, 1n the light signal L and consequently also a
measure of the current I itself. In the prior art, the polariza-
tion signal P' 1s determined from the digital electrical signals
I1'" and I2' 1n accordance with the formula according to
equation (1):

(17 - 12')
(Il +12')

(4)

P =

This leads to problems 1n the detectability of, 1n particular,
small signal amplitudes of the electrical current I due to,
among other things, quantization noise of the A/D convert-

ers 251 and 252.

FIG. 3 shows a configuration for processing two output
quantities of an opftical transducer 1 which the digital
polarization signal P' determined has an improved signal-
to-noise ratio 1in comparison with the prior art according to
FIG. 2. In particular, the influence of the noise contribution
manditorily produced in the A/D converters 251 and 252 due
to the quantization of the electrical signals I1 and 12, is
reduced to the resultant signal-to-noise ratio.

For this purpose, the digital calculating unit 26 1s supple-
mented with an additional digitizing unit 30 1n which at least
onc further digital signal for calculating the digital polar-
1zation signal P' 1s provided, m addition to the digital
clectrical signals I1'" and 12'. To carry out the calculation, the
digital calculating unit 26 contains a digital signal processor
in the present case.

With respect to the noise, the difference of the digital
clectrical signals I1' and I2' in the numerator of the quotient
of equation (4) 1s found to be the critical quantity. Equation
(4) can be equivalently transformed into:

2
+ 127)

5
P=1-2. )

(17

The denominator in the quotient of equation (5) contains
a sum of the digital electrical signals I1' and I2' which can
be considered to be uncritical with respect to the noise. It can
thus be formed exactly as 1n the prior art.

To improve the resultant total signal-to-noise ratio, only
optimization of the digital electrical signal I2' in the numera-
tor of the quotient of equation (5) remains.

In the case of small signal amplitudes of the alternating
clectrical quantity to be measured, the electrical signals 11
and 12 are 1n each case composed of a dominant DC
component I1d and 12d and a very much smaller residual
component I17 and 12~

In the text that follows, the relationships will now be
explained with reference to the electrical signal I12. However,
they analogously also apply to the electrical signal I1.

Only the residual component 127 and not the DC compo-
nent 124 that carries the information on the alternating
clectrical quantity to be measured. Amplification of the
clectrical signal I2 as a whole for the purpose of adaptation
to the dynamic range of the A/D converter 252 would always
be limited by the dominant DC component 124d. In the case
of separate analog amplification of only the residual com-
ponent 127, 1 confrast, a very much higher analog gain
factor A2 can be provided without any downstream A/D
converter being overdriven. At the same time, the quantiza-
tion noise of the downstream A/D converter remains con-
stant seen 1n absolute terms. Relative to the amplified useful
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signal (=amplified residual component 12rv), however, the
contribution of the quantization noise has become reduced
with a digital amplified residual component 127" present
after the digitization.

In the digital calculating unit 26, the digital electrical
signal 12' 1s synthetically assembled, inter alia from the
digital amplified residual component 127V, 1n accordance
with:

(6)

where 12d’ 1s the digital DC component and A2' 1s a digital
gain factor, both of which are present as fixed digital values
stored 1n the digital calculating unit 26.

In an alternative embodiment, the digital residual com-
ponent 12d’ can also be provided by the digitizing unit 30.
This case 1s shown by dashed lines and the bracketing 1n
FIG. 3.

The digital gain factor A2' corresponds to the digital value
of the analog gain factor A2 used in the amplification of the
residual component 127

In a further alternative embodiment, the digital gain factor
A2' 1s not present as a permanently stored digital value but,
instead, 1t 1s newly determined 1n the digital calculating unit
26 depending on the current excursion of the A/D converter
assoclated with the digital amplified residual component
12rv'. The current digital gain factor A2' 1s then provided to
the digitizing unit 30 for appropriate adaptation of the
analog gain factor A2. This adaptation 1s carried out with the
aid of a digitally programmable analog amplifier.

This embodiment 1s shown by dot-dash lines and the
bracketing in FIG. 3.

With the aid of the digital electrical signal 12' synthesized
in accordance with equation (6), and equation (5), the digital
polarization signal P' 1s determined in accordance with:

2/

PRI Vs
Pr=1-2 (I + 12)

(7)

!

+ I2d

in the digital calculating unit 26 and applied to an output. In
comparison with the digital polarization signal P' deter-
mined in accordance with equation (4) according to the prior
art, the digital polarization signal P' determined 1n accor-
dance with equation (7) exhibits a gain of up to 6 dB
multiplied by the binary logarithm of the analog gain factor
A2 1n the signal-to-noise ratio.

In the text which follows, FIGS. 4 to 6 show examples of
implementations of the digitizing unit 30.

The 1nput quantity of the digitizing unit 30 in FIGS. 4 to
6 1s a successor signal that 1s derived from the electrical
signals I1 and I2. In the simplest case, the successor signal
1s 1dentical to one of the two electrical signals 11 and 12.
Without restricting the general validity, FIGS. 4 to 6 are in
cach case based on the case 1n which the successor signal
corresponds directly to the electrical signal 12.

In the first illustrative implementation of the digitizing
unit 30 shown 1 FIG. 4, the electrical signal 12 1s supplied
to a low-pass filter 31 and a high-pass filter 32. The low-pass
filter 31 and the high-pass filter 32 provide division of the
clectrical signal 12 into a DC component 12d which 1is
present at an output of the low-pass filter 31, and into a
residual component 127 which 1s present at an output of the
high-pass filter 32. The DC component 12d 1s converted
directly into a corresponding digital DC component 12d' in
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an A/D converter 254. The residual component 127 1s first
amplified by the analog gain factor A2 by an analog ampli-
fier 33 before digitization. An amplified residual component
[2rv present at an output of the analog amplifier 33 is
supplied to an A/D converter 253 for generating the digital
amplified residual component 127"

In the digitizing unit 30 shown 1 FIG. §, the high-pass
filter 32 1n the configuration of FIG. 4 1s then replaced by a
summing clement 34. In this configuration, the electrical
signal I2 1s present at a positive input of the summing
clement 34 and the DC component 12d generated by the
low-pass filter 31 1s present at a negative 1nput of the
summing clement 34. In this manner, the summing element
34 supplies the residual component 127 as the difference
between the electrical signal 12 and the DC component 12d.

In the digitizing unit 30 shown 1 FIG. 6, the low-pass
filter 31 of FIGS. 4 and 5 has been replaced by an offset
source 35. The value of the DC component 12d of the
clectrical signal 12 1s essentially known. This results from
the knowledge of the light intensity of the light signal L
which 1s radiated into the sensor unit 10, from a dividing
ratio of the analyzer 22 and from a conversion constant of
the photo-electric transducer unit 24. If the offset source 35
1s set exactly to this known value of the DC component 124,
the residual component 127 can be determined, 1n accordance
with the method described in FIG. 5, as the difference
between the electrical signal 12 and the DC component 124
with the aid of the reproduced DC component 12d supplied
by the offset source 335.

In FIGS. 4 to 6, reference symbols for the digital gain
factor A2' and for the digital DC component 124’ (FIG. 6
only) are bracketed. This form of representation is intended
to indicate that the quantities are provided to the digital
calculating unit 26 as fixed parameters and are stored there.
As an alternative, however, the digital gain factor A2' can
also be provided as a variable value, determined by the
digital calculating unit 26, for adapting the analog gain
factor A2 1n accordance with the above discussions. The
analog amplifier 33 1s then constructed as a digitally pro-
crammable analog amplifier.

FIGS. 7 and 8 show further illustrative implementations
of configurations for processing two output quantities of an
optical transducer which have an improved signal-to-noise
ratio compared with the prior art according to FIG. 2.

In the 1llustrative implementation of FIG. 7, in distinction
from FIG. 3 a digital amplified residual component 17’ 1s
also generated, and provided to the digital calculating unit
26, for the electrical signal I1 1n an additional digitizing unit
30a. The digital calculating unit 26 generates a synthetic
equivalent also for the digital electrical signal I1' in accor-
dance with equation (6) and thus performs the calculation of
the digital polarization signal P' 1n accordance with:

I 2r
[ + Hd"] —[ + IQd’]
Al A2

(Il +12)

(8)

P =

where 11d’ 1s the digital DC component and Al' the digital
cgain factor, both of which are present 1n stored form 1n the
digital calculating unit 26 as fixed digital values exactly like
the digital DC component 12d’ and the digital gain factor
A2’

In the 1llustrative implementation of FIG. 8, a difference
signal 112 1s first formed from the electrical signals I1 and
12 by a summing element 37. The difference signal 112 thus
corresponds to the numerator of the quotient in equation (1).
From the difference signal 112, the digitizing unit 30 deter-
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mines a digital amplified residual component 1127, which
1s provided as input quantity to the digital calculating unit 26
like the digital electrical signals I1' and I12'. The digital
calculating unit 26 thus determines the digital polarization
signal P' 1n accordance with the following rule:

!!2rv;4—112d’
Al2

(Il +12)

(9)

P =

where I12d’ 1s the digital DC component and Al12' is the

digital gain factor, both of which are present as fixed digital
values 1n stored form 1n the digital calculating unit 26.

The statements with respect to the dashed and dot-dashed
lines, the bracketing of A2' and 124’ and the origin of the
digital gain factor A2', made 1 connection with FIG. 3, can
be analogously transferred to the illustrative embodiments of
FIGS. 7 and 8. This also applies especially to the digital DC
components I11d" and 112d’ and to the digital gain factors Al
and Al2'.

Since the digital calculating unit 26 1s 1n each case also
provided with the digital electrical signals I1' and 12" 1n all
illustrative implementations of FIGS. 3, 7 and 8, the digital
polarization signal P' can also be determined 1n accordance
with equation (4).

If laree signal amplitudes of the alternating electrical
quantity to be measured are present so that the DC compo-
nents I1d and 12d of the electrical signals I1 and 12 are no
longer large compared with the information-carrying
residual components 127 and 117, the digital calculating unit
26 really calculates the polarization signal P' 1n accordance
with equation (4). This is because the advantageous effect of
an amplification of the residual components I17 and 127 1s no
longer given 1n this case. Thus, the digital calculating unit 26
performs a detection of the current signal amplitudes of the
alternating electrical quantity to be measured and then
determines the digital polarization signal P' in accordance
with these current signal amplitudes. In the case of large
signal amplitudes, this 1s done 1n accordance with equation
(4) and 1n the case of small signal amplitudes it 1s done in
accordance with one of equations (7) to (9).

FIGS. 9 to 11 show optical transducers for alternating
clectrical quanfities with two output signals 1n the form of
the electrical signals I1 and I2. These optical transducers can
thus be operated with the configurations for processing
shown 1n FIGS. 3 to 8.

The optical transducer of FIG. 9 1s an embodiment that
has already been described 1n connection with the prior art
according to FIG. 2.

FIG. 10 represents an optical transducer for acquiring an
clectrical voltage U. In distinction from the current trans-
ducer of FIG. 9 or FIG. 2, respectively, the sensor unit 10 in
this case contains, instead of the Faraday element 12, a
Pockels element 13 to which the electrical voltage to be
measured 1s applied by electric leads 17. Analogously to the
clectrical current I 1n the configurations of FIGS. 2 and 9, the
clectrical voltage U generates a change 1n the polarization of
the light signal L 1n the optical voltage transducer of FIG. 10.
The procedure 1n the analysis thus corresponds to the one
already described for the optical current transducer.

FIG. 11 shows an optical current transducer with oppo-
sitely directed light injection. Couplers, especially fiber
couplers 281, 282 and 283 are provided which ensure that
two light signals .1 and L2 are injected into the sensor unit
10 with opposite directions of travel and, after passing
through the sensor unit 10, are 1in each case supplied to one
of the two photo-electric transducer units 23 and 24.
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In these units, the light signals L1 and L2 are converted
into the corresponding electrical signals I1 and 12. In this
embodiment the analyzer 22 does not perform a dividing
into two partial light signals with mutually perpendicular
planes of polarization. The electrical signals I1 and 12 are in
this case distinguished by the different directions of travel of

the basic light signals L1 and L2.

We claim:
1. A method for processing a signal having a number of
frequency ranges, which comprises the steps of:

deriving at least one analog signal being at least one
successor signal from electrical signals, including a
first electrical signal and a second electrical signal, of
an optical transducer for an alternating electrical quan-
fity;

dividing the successor signal 1nto a DC component and a
residual component;

cgenerating an amplified residual component from the
residual component by analog amplification by an
analog gain factor;

cgenerating digital electrical signals and an amplified digi-
tal residual component from the electrical signals and
the amplified residual component; and

determining a digital polarization signal, which depends
on the alternating electrical quantity to be measured,
from the digital electrical signals, from the amplified
digital residual component, from a digital DC compo-
nent corresponding to the DC component, and from a
digital gain factor corresponding to the analog gain
factor.

2. The method according to claim 1, which comprises
determining the DC component by low-pass filtering of the
successor signal and the residual component 1s determined
by complimentary high-pass filtering of the successor signal.

3. The method according to claim 1, which comprise
determining the DC component by low-pass filtering of the
successor signal, and the residual component 1s determined
via a difference between the successor signal and the DC
component.

4. The method according to claim 1, which comprises
providing an offset value to be predetermined as the DC
component, and the residual component 1s determined by a
difference between the successor signal and the DC com-
ponent.

5. The method according to claim 1, wherein the succes-
sor signal 1s only one successor signal corresponding to one
of the electrical signals and the digital polarization signal is
determined 1n accordance with:

2r/

+ 12d’
P=1-2x% AZ]
17+ 12

where

P' 1s the digital polarization signal,

[27v" 1s the amplified digital residual component,
A2' 1s the digital gain factor,

124’ 1s the digital DC component, and

I1', 12" are the digital electrical signals.

6. The method according to claim 1, which comprises
providing two successor signals corresponding 1n each case
to one of the two electrical signals, and the digital polariza-
tion signal 1s determined 1n accordance with:
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(f!rv’

11 2
AT ]_[

A2’
I+ 12

+12d"]
P =

where
P' 1s the digital polarization signal,
1/, I2rv'" are the amplified digital residual components,
Al', A2'" are the digital gain factors,

[1d’, 12d’ 1s the digital DC component, and

I1', 12" are the digital electrical signals.

7. The method according to claim 1, which comprises
deriving a difference signal being a difference between the
first electrical signal and the second electrical signal is
formed as the successor signal and the digital polarization
signal 1s determined 1n accordance with:

2 | 12d
Al2

i +12

P =

where
P' 1s the digital polarization signal,
[127v' 1s the amplified digital residual component of the
difference signal,

Al12' 1s the digital gain factor of the difference signal,

[12d’ 1s the digital DC component of the difference signal,
and

I1', 12" are the digital electrical signals.

8. The method according to claim 1, which comprises
generating the digital DC component from the DC compo-
nent.

9. The method according to claim 8, which comprises
ogenerating the digital DC component from the DC compo-
nent using analog/digital conversion.

10. The method according to claim 8, which comprises
determining the digital DC component from the digital
clectrical signals by one of digital filtering and a stored fixed
digital value.

11. The method according to claim 1, which comprises
ogenerating the first electrical signal and the second electrical
signal 1n each case from first and second partial light signals,
the first and second partial light signals are formed from a
photo-electric conversion of a light signal, the light signal
passes through a sensor element and 1s then divided into the
first and second partial light signals which are polarized
perpendicularly to one another.

12. The method according to claim 11, which comprises
selecting the sensor element from the group consisting of
Faraday elements sensitive to magnetic fields and Pockels
clements sensitive to an electric field.

13. The method according to claim 1, which comprises
cgenerating the first electrical signal and the second electrical
signal 1n each case from first and second light signals by
photo-electric conversion, the first and second light signals
are sent 1n opposite directions through a sensor unit having
a Faraday element which 1s sensitive to magnetic fields.

14. A configuration for processing a signal having a
number of frequency ranges, comprising:

a divider circuit receiving and dividing at least one
successor signal into a DC component and a residual
component, the successor signal derived from two
clectrical signals of an optical transducer for an alter-
nating electrical quantity and the successor signal cor-
responding to an analog signal;

5

10

15

20

25

30

35

40

45

50

55

60

65

20

an analog amplifier disposed downstream of said divider
circuit and receiwving the residual component, said
analog amplifier having an analog gain factor and
generating an amplified residual component from the
residual component;

digitizing devices receiving the amplified residual com-
ponent and the two electrical signals, said digitizing
devices generating digital electrical signals and a digi-
tal amplified residual component from the two electri-
cal signals and the amplified residual component,
respectively; and

a digital calculating unit for determining a digital polar-
1zation signal and connected to said digitizing devices,
the digital polarization signal being dependent on the
alternating electrical quantity to be measured, the digi-
tal polarization signal derived from the digital electrical
signals, the digital amplified residual component, a
digital DC component corresponding to the DC
component, and a digital gain factor corresponding to
the analog gain factor.

15. The configuration according to claim 14, wherein said
divider circuit includes a low-pass filter which outputs the
DC component of the successor signal, and a complimentary
high-pass filter which outputs the residual component of the
successor signal.

16. The configuration according to claim 14, wherein said
divider circuit includes a low-pass filter which supplies the
DC component of the successor signal, and a summing
clement which supplies the residual component of the suc-
cessor signal by summation of the successor signal and an
mverted DC component derived from the DC component.

17. The configuration according to claim 14, wherein said
divider circuit includes an adjustable offset source output-
ting an output signal being the DC component of the
successor signal, and a summing element supplying the
residual component of the successor signal by summation of
the successor signal and an 1nverted DC component derived
from the DC component.

18. The configuration according to claim 14, including a
summing element for forming the successor signal being a
difference between the two electrical signals, said summing
clement connected to said divider circuit and said digitizing
devices.

19. The configuration according to claim 15, mncluding a
further digitizing device connected to the divider circuit and
receiving the DC component, said further digitizing device
cgenerating the digital DC component from the DC compo-
nent.

20. The configuration according to claim 14, which com-
prises 1ncluding;:

a sensor element outputting a light signal,;

an analyzer connected to said sensor element and dividing
the light signal into two partial light signals with
mutually perpendicular polarization; and

two photo-electric transducer units disposed downstream

of said sensor element and said analyzer, each of said
two photo-electric transducer units generating one of
the two electrical signals from one of the two partial
light signals.

21. The configuration according to claim 20, wherein said
sensor element 1s selected from the group consisting of
Faraday elements sensitive to magnetic fields and Pockels
clements sensitive to an electric field.

22. The configuration according to claims 14, including:

a sensor element containing a Faraday element sensitive
to magnetic fields;
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a first photo-electric transducer unit;
a second photo-electric transducer unit; and

devices, one of said devices disposed between said sensor
clement and said first photo-electric transducer unit and
another of said devices disposed between said sensor
clement and said second photo-electric transducer unit,
said devices injecting oppositely directed first and

22

second light signals 1nto said sensor element and 1nto
said first and second photo-electric transducer unit for
generating 1n each case one of the two electrical signals

from 1 each case one of the first and second light
signals.
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